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[Detailed Description of the Invention] 
[0001] 

(Technical field) 

The ball end mill with which this invention forms the cutting edge on the spherical 
surface (Ball End Mills), It enables it to make the relief angle of an eccentric relief 
gestalt form especially about globular form shaving-by-rolling tools, such as a taper 
edge ball end mill (Taper Ball End Mills). Since a cutting edge can be relatively 
reinforced with a small relief angle and a large land width, it can operate by high flow 
velocity and is related with the globular form shaving-byrolling tool which can 
therefore carry out the steep increment of the processing effectiveness. 
[0002] 

(Background technique) 

The cutting edge of a globular form shaving-byrolhng tool like the conventional ball end 
mill Passage [ in drawing 1 ], it consists of parts for a part for the cutting part on the 
spherical surface (it is called the spherical-surface edge-of-a- blade section or the 
spherical-surface edge of a blade), and the cutting part on a periphery (it is called the 
periphery edge-of-a-blade section or the periphery edge of a blade). The 
spherical-surface edge-of-a-blade section has a function as a main cutting cutting edge 
(it is called a main cutting edge Main Cutting Edge and the following), and the 
periphery edge-of-a-blade section assists cutting of the spherical- surface edge-of-a-blade 
section, or consists of the means for forming a cutting edge on (auxiliary 
cutting 'Auxiliary Cutting) and the spherical surface. 
[0003] 

In the case of the shaving-by-rolling tools (example' square end mill etc.) of the 
cylindrical shape which has arranged the main cutting edge in the same location as the 
periphery edge~of-a-blade section of such a globular form shaving-by- rolling tool Since a 
cutting edge can maintain easily the fixed angular relation-ship (fixed helix angle" call 
it the Rix angle to regularity below Constant Helix angle,') of arbitration to a tool medial 
axis, By giving the helix angle which suits the kind of material and working condition of 
workpiece, the tool engine performance can be raised remarkably. If a 
shaving-byrolling tool comes to have the Rix angle to regularity, since the die length of 
a cutting edge is prolonged compared with the case where that is not right, the cutting 
load per unit length of a cutting edge is mitigated and it can cut continuously 



(continuation cutting; Continuous cutting), the external impact at the time of cutting is 
minimized. Moreover, precision cutting is possible for raising the roughness 
(Roughness) of a processed surface etc., and the life of a cutting edge is also prolonged. 
Compared with the object for steel (SteeD cutting having Rix to the regularity around 30 
degrees in the case of a cylindrical shape shaving-by-rolling tool, as for this, although a 
helix is because it is possible also in a tilt angle (Rake angle), most understands the 
object for aluminum easily also from the point of having Rix to the regularity around 45 
degrees. 
[0004] 

Although the helix angle has the lead, and a tool diameter and a fixed correlation, if it 
passes through this relation, and the Rix angle is set into "H" and the diameter of "L" 
and a tool is set to "D" for a lead passage [ in drawing 2 L it can display it as tanHpiD/L. 
if "the periphery edge of a blade of a globular form shaving-by- rolling tool" and "the 
main cutting edge of a cylindrical shape shaving-by -rolling tool" with a fixed diameter of 
a tool set a lead as any value - that helix"H" comes to have a fixed value **** - reverse 
- becoming - the aforementioned advantage " easy - recognition - things are made. 
[0005] 

In spite of, being able to give the helix of a fixed include angle to a cutting edge on the 
other hand and being able to raise the engine performance of a tool remarkably, the 
globular form shaving-byrolling tool by which the spherical-surface edge of a blade has 
a tool medial axis and a fixed angular relation-ship (it is the Rix angle to regularity) has 
not appeared. Although it is in the condition which arranged the cutting edge without a 
fixed correlation and a fixed principle on the spherical surface in the range smoothly 
connected with free and the periphery edge of a blade, curvilinear [ of drawing 3 ] 
******** etc. is the example. This originates in the reason like the following. 
[0006] 

the diameter of a cylinder of an axial right-angle cross section is the same irrespective of 
the location of shaft orientations " contrary - the diameter of an axial right-angle cross 
section - the location of shaft orientations - respectively - different " ** - for the shape 
property ( drawing 4 ) of a spherical- surface object Since the diameter D of a tool 
changes with locations of shaft orientations, helix angle H becomes a different value for 
every location, and it becomes impossible to expect the Rix angle to that of regularity as 
a result, even if it sets a lead as the magnitude of arbitration, using formula tanH=pi 
D/L as in a cylinder. 
[0007] 

When any curve of the gestalt on the spherical surface which connects two points that 



the "shaft" and the "spherical surface" of a spherical-surface object cross mutually 
rotates a shaft as a core, on the other hand, the locus If a tool is rotated and it cuts after 
arranging a cutting edge on the spherical surface to arbitration irrespective of whether 
a configuration and a helix angle are fixed in order to form the spherical surface as 
shown in drawing 5 , the spherical surface of the same magnitude will be formed in a 
workpiece. 
[0008] 

From such a point, it is thought that the need for the appearance of "the globular form 
shaving-by-rolling tool which has the screw type cutting edge of a fixed include angle" 
would decrease. That is, though the effectiveness and the engine performance on use 
were inferior, since the processing configuration might be satisfied, the appearance was 
not demanded eagerly. There was a problem which greatly lags behind from the 
cylindrical shape shaving- by -rolling tool in which the existing globular form 
shaving-by-rolling tools, such as a ball end mill, have the Rix angle to regularity like a 
cutting efficiency top square end mill by this. 
[0009] 

(Indication of invention) 

The purpose of this invention tends to solve the fault which the tool of these existing has 
from the shaped surface of a cutting edge, and it is going to solve it according to the 
array of the locus which each geometric point which constitutes especially the cutting 
edge draws, or its point. That is, it is in offering the globular form shaving-by-rolling 
tool which made the main cutting edge of a globular form shaving-by-rolling tool 
embody the processing efficiency which the main cutting edge of a cylindrical shape 
shaving-by-rolling tool has, as the tangent which passes each point which the cutting 
edge forms on the spherical surface maintains the Rix angle to a tool shaft and 
regularity. 
[0010] 

In order to attain the aforementioned purpose, the shaving-by-rolling tool by this 
invention is a cutting tool which has arranged the cutting edge on the spherical surface, 
and the helix angle of said cutting edge is characterized by the fixed thing also in which 
location. 
[0011] 

Moreover, it is desirable for a predetermined field to consist of a small relief angle and a 
large land width on the basis of the Rix angle to the regularity on said spherical surface. 
[0012] 

Moreover, as for said cutting edge, consisting of the same ingredient as a fuselage is 



desirable. 
[0013] 

Furthermore, as for said shaving-by-rolling tool, it is desirable to make the cutting part 
which changes from tool materials, such as a super-light alloy and high-speed steel, to a 
steel fuselage fix by joining or the mechanical means. 
[0014] 

(The best gestalt for inventing) 

Those who have the usual knowledge in the technical field to which this invention 
belongs to below explain the globular form shaving-by-rolling tool by this invention to 
extent which can carry out this invention easily. 
[0015] 

the time of a fixed helix being formed on the spherical surface according [ drawing 6 ] to 
this invention - a ball - a central angle - it is the explanatory view showing the 
correlation of - shaft angle of rotation and a helix angle. The globular form 
shaving-byrolling tool of this invention is "the cylinder and the complex (henceforth 
complex) of a semi-sphere" with which the cylinder which has the radius r of the same 
magnitude, and the semi-sphere were mutually combined bordering on the axial 
right-angle cross section (henceforth a boundary cross section). The case where the 
curve of the gestalt of arbitration is drawn on the front face is assumed. A boundary 
cross section and a curved intersection "The radix point of a spherical-surface curve", 
the angle on which "the radius of an any selected point" on the curve which calls a "base 
plane" the virtual flat surface containing the radix point of a spherical -surface curve 
and the axis of complex, and is in the spherical surface constitutes the angle 
accomplished with a base plane with "the axial angle of rotation y" and a boundary cross 
section - "ball - central angle beta", then the location of an any selected point can be 
displayed as r, beta, and y. When an applicant defines the interrelation of r, beta, and y 
and a curve (or each point which forms the cutting edge) maintains the same helix angle 
H on the spherical surface, y and beta began to reveal that it is mutually subordinate 
considering "tanH" as a medium, i.e., the relation of "y=beta-tanH." 
[0016] 

that is, the ball on the spherical surface when a cutting edge is arranged from a base 
plane in the location of "beta-tanH" in the axial right-angle cross section of the location 
whose central angle is beta (beta= 0 degree - 90 degrees), this cutting edge comes to 
have the Rix angle to H degrees (Degree) perfect regularity, namely, the tan value of the 
angle after setting up the helix angle which suits a tool service condition - a constant 
and a ball " a central angle - if beta computes an axial angle of rotation by the 



proportional expression which is a variable and connects the crossing, it will become the 
curve which has the fixed helix angle of "the set-up magnitude", i.e., a cutting edge. The 
locus of a 30-degree fixed helix angle was shown in drawing 3 as the example. 
[0017] 

an element required in order to have a fixed helix angle in said formula "y=beta-tanH" - 
a ball ■- it is only a central angle and an axial angle of rotation, and the magnitude r of a 
ball, i.e., a radius, is unrelated. If helix generating of a cylindrical shape 
shaving-by -rolling tool is the diameter D of a tool, i.e., a greatly different point from 
being subordinate to 2r, and this is a spherical-surface shaving-by-rolling tool which has 
the fixed helix angle of the same value, it has the advantage which is one cam, or can set 
to a numerical-control type machine, and can manufacture and regrind by one program 
irrespective of the diameter. Moreover, since a cutting edge is formed of a fixed 
correlation, arranging on the spherical surface is also easy. 
[0018] 

The epoch-making advantage acquired when a globular form shaving- by -rolling tool has 
a fixed helix angle is the point that eccentric relief (Eccentric Relief," drawing 7 c) can be 
taken as a relief side configuration of a cutting edge. All the conventional globular form 
shaving-byrolling tools could not but be concave (Concave) gestalten ( drawing 7 a), and 
although they were not in the usual condition, they could not but take the flat (Flat) 
gestalt ( drawing 7 b). In this case, in order [ which is not spread ] to make a land width 
small in order to employ the function of relief (relief) efficiently, or to make a relief angle 
increase, the reinforcement of a cutting edge becomes weak. The problem in this case is 
so so serious that it is a cutting edge near a tool shaft that the diameter of a tool is small. 
[0019] 

Therefore, the conventional globular form shaving- by-rolling tool cannot be operated by 
high flow velocity (Feedrate). The eccentric relief which complemented the trouble of 
said concave and flat gestalt is generated under the relation of tanS=tanR-tanH, when 
setting R and the setting angle of a grinding stone to S for a relief angle. This is actually 
impossible, although the setting angle S of a grinding stone must change according to 
this if it passes for every location of a cutting edge and the Rix angles differ. On the 
other hand, if a cutting edge comes to have a fixed helix, the relief angle of the cutting 
edge of an eccentric relief gestalt can be made to form, while the setting angle S of a 
grinding stone had been made to fix. In such a case, since a cutting edge can be 
relatively reinforced with a small relief angle and a large land width ( drawing 8 c), it 
can operate by high flow velocity and, therefore, the steep increment of the processing 
effectiveness can be carried out. 



[0020] 

Moreover, as for said cutting edge, it is desirable to make the cutting part which grew 
into the fuselage of steel [ **** / changing with the same ingredient as a fuselage ] with 
tool materials, such as a super-light alloy and high-speed steel, fix by joining or the 
mechanical means. 
[0021] 

A fixed include angle means "having the include angle of the same magnitude also in 
which point in the straight side of the given cutting edge" in this invention, a lead 
means "the distance in which the edge of a blade moved forward to the shaft 
orientations of a tool while the tool rotated one time in the tool which has the screw-type 
edge of a blade", and the diameter of a tool says the diameter which forms the periphery 
of a tool. Moreover, although the curled form curve formed in a cone or the spherical 
surface may be called line vortex (Spiral), the angle which a line vortex and a tool 
medial axis constitute may be called a line vortex angle (Spiral angle) and it may 
classify with a helix angle with the same concept as "the helix (spiral) formed in the 
cylinder", in order to avoid derangement of a concept in this invention, both the helix 
angle and the line vortex angle were called the helix angle. 
[0022] 

Although this invention was explained only by having restricted it to an example like 
the above-mentioned publication, probably, various deformation and corrections will be 
possible, without not being limited only to this and escaping from the range and thought 
of this invention to this contractor. 
[0023] 

As the above explanation, this invention makes the relief angle of the cutting edge of an 
eccentric relief gestalt form, having a helix with a fixed cutting edge, can reinforce a 
cutting edge with a small relief angle and a large land width relatively, and can operate 
it by high flow velocity, and, therefore, the effectiveness that the steep increment of the 
processing effectiveness can be carried out is offered. 
[Brief Description of the Drawings] 
[Drawing l] 

Drawing 1 is the front view having shown the conventional configuration and 
conventional configuration of a globular form shaving-by-rolling tool. 
[Drawing 2] 

Drawing 2 is the explanatory view having shown the correlation of the helix angle and 
lead in the conventional cylindrical shape shaving- by -rolling tool, and a tool diameter. 
[Drawing 3] 



Drawing 3 is the front view and side elevation of the example of cutting-edge 
arrangement of the conventional globular form shaving- by-rolling tool, and the example 
which has arranged the cutting edge by the 30-degree fixed helix. 
[Drawing 4] 

drawing 4 - general - the location of shaft orientations - the diameter of an axial 
right-angle cross section " different --**-- it is the explanatory view having shown the 
shape property of a spherical-surface object. [Drawing 5] 

When a spherical-surface object generally rotates drawing 5 , the locus which the 
arbitration curve on the spherical surface draws is the explanatory view having shown 
that it was the spherical surface. 
[Drawing 6l 

the time of a fixed helix being formed on the spherical surface according [ drawing 6 ] to 
this invention - a ball - a central angle - it is the explanatory view having shown the 
correlation of - shaft angle of rotation and a helix angle. 
[Drawing 7] 

Drawing 7 is the important section front view having shown the cutting-edge 
configuration of a shaving-by- rolling tool, and (a) showed the configuration of the 
eccentric relief which the configuration of the conventional concave relief and (b) can be 
based on the configuration of the conventional flat relief, and (c) can be based on this 
invention, and can be applied now also to the spherical-surface edge of a blade. 
[Drawing 8] 

Drawing 8 is the comparison Fig. of the cutting-edge configuration of the core of a 
shaving-by-rolling tool, and a workpiece configuration, and (a) showed the cutting-edge 
configuration (eccentric relief) of the core of the globular form shaving-by-rolling tool 
according [ (c) ] to this invention according [ the cutting-edge configuration (flat relief) of 
the core of the conventional square end mill and (b) ] to the cutting-edge configuration 
(concave relief) of the core of the conventional globular form shaving-by-rolling tool. 
[Description of Notations] 

H Pass and it is the Rix angle. D Diameter L Lead of a helix n Name number which 
shows the location of an every place point 

beta a ball - central angle y Axial angle of rotation r Radius 1 Primary relief land width 
R Relief angle 



[Translation done.] 



